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METHOD AND SYSTEM FOR EVALUATING
TWO TIME-SEPARATED MEDICAL IMAGES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention concerns a method for evaluation of
two corresponding 1images ol an organ acquired at different
points 1 time as well as a medical 1imaging system for the
same purpose.

2. Description of the Prior Art

Longitudinal 1maging examinations are necessary for
clarification of many medical questions. This means that an
organ, organ system or body part to be examined 1s 1maged
multiple times at different points 1n time with the same 1mag-
ing method. For example, the progression of a specific 1llness
can be determined via a comparison of the 1mages of the
organ. Often specific diseases (primarily degenerative ill-
nesses) can only be detected or at least supported viaa change
that manifests 1n an organ over the course of time.

One example of such an illness 1s Alzheimer’s disease.
This 1llness can be diagnosed only with difficulty with con-
ventional examination methods, 1n particular when 1t 1s 1n its
carly stage. This illness 1s among the neurodegenerative 1ll-
nesses and 1t 1s known that an atrophy 1n specific brain regions
appears over the course of the Alzheimer’s disease due to the
loss of nerve cells 1n, among other places, the grey brain
matter (also called the cerebral cortex) of the parietal lobe and
temporal lobe.

Although the occurrence of these changes 1s a known fact,
imaging methods (particularly MRT (magnetic resonance
tomography) are only very conditionally suitable for diag-
noses of Alzheimer’s disease, even when volumetric methods
are used for measurement of the size of specific cortical
regions. This 1s partially due to the fact that dimensions of the
atrophy to be measured and detected lie quantitatively below
the inter-individual fluctuation range of the size of specific
brain regions.

One possibility to counteract this 1s to examine the brain of
a patient at various points 1n time and to establish the pro-
gression of the atrophy through a comparison of the images.
This method, however, has the disadvantage that the differ-
ences to be detected cab be very slight, such that a diagnos-
tician who compares the 1images can easily overlook the dii-
ferences.

Moreover, when 1images have been produced by means of
MRT methods (typical in neurology) the images exhibit the
peculiarity that the 1mages produced at different points in
time can exhibit different distortions (particularly deforma-
tions). This 1s due to the fact that MRT methods, 1n which
different magnetic fields that are precisely tuned to one
another are used for imaging 1n a known manner, react sen-
sitively to interfering intluences. Therefore, even 1f care 1s
taken to ensure precisely the same acquisition conditions
when the respective images are acquired, the different respec-
tive 1images still will not always exhibit the same (and there-
with comparable) geometric deformations. Only the geomet-
ric deformations were detected and compensated by means of
measurements of a phantom produced before the acquisition
could the geometric deformations be better compensated.
This 1s not done 1n practice, however, due to the large effort
and the costs that would be associated therewith.

It 1s therefore normally not possible for a diagnostician to
decide whether the slight but diagnostically relevant differ-
ences 1n the various 1mages are to be ascribed to a geometric
deformation or to an actual change of the anatomical condi-
tions 1n an organ. Due to these facts, MRT examinations
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previously have not belonged to the recognized and estab-
lished methods of Alzheimer’s diagnostics, but rather are
primarily used for exclusion of other 1llnesses.

Various approaches have been proposed 1in order to counter
the aforementioned problems. A method for measurement of
volume changes given repeated three-dimensional MRT
acquisitions 1s disclosed in the article by Freeborough, P. A.,
Fox N. C., “The boundary shift integral: an accurate and
robust measure of cerebral volume changes from registered
repeat MRI”, IEEE Trans. Med. Imaging 1997; 16: 623-629.
The MRT exposures produced at different points in time are
rigidly aligned relative to one another and their intensity value
differences are integrated. Volume differences of the entire
brain can 1n fact be detected with this method, but this method
does not take 1into account different geometric deformations.
Additionally, volume changes cannot be associated with spe-
cific brain regions, such that this method often provides a
diagnostician with insuflicient assistance in the finding or
exclusion of a specific diagnosis.

Modifications of this method are known wherein only spe-
cific brain regions are examined 1n order to obtain at least a
rough localization of the morphological variations, but here
as well geometric deformations are not taken into account.

Although the above problem has been described in the
context of Alzheimer’s disease and its diagnosis by means or
MRT, similar problems exist in the case of other medical
questions. The progress of a tumor 1llness or osteoporosis 1s
one example. The problems of a geometric deformation 1llus-
trated above likewise arise predominantly 1n an MRT exami-
nation; however, other examination modalities (such as, for

example, computed tomography) can also exhibit similar
problems, for example given an incorrect calibration.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a method
with which a diagnostician 1s supported 1n an effective man-
ner 1n the evaluation of two 1mages of an organ that were
acquired at different points in time. In addition, 1t 1s an object
of the mvention to provide a medical 1imaging system that
supports a diagnostician in an effective manner in the evalu-
ation ol two 1mages of an organ that were acquired at different
points in time.

The mventive method for evaluation of two corresponding
images ol at least one organ system acquired at different
points 1n time to establish a pathological variation 1n a medi-
cal clinical image, wherein the at least one organ system
exhibits a first region and a second differentiable region in the
images of the first region, and wherein the second region of
the pathological variation 1s acquired more strongly than the
first region 1n the medical clinical image, includes the follow-
ing steps:

determination of a registration for the first region that

causes the first region of the first image and the first
region of the second 1image to be 1n registration with one
another as a result of the registration,
extension of the registration for the first region to an
extended registration such that the second region 1is
encompassed as well via the extended registration,

transformation of one of the two 1mages using the extended
registration,

depiction of the transformed 1mage and of the other image

and/or determination of a difference 1n the two 1mages 1n
the second region via comparison of the second region of
the transformed 1mage and of the second region of the
other 1mage.
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The mventive method utilizes the fact that the pathological
variation of the second region 1s detected more strongly than
the first region. Conclusions about 1maging system-depen-
dent distortions can now be drawn via a comparison of the
first region (that 1s less strongly affected by the pathological
variation) in the two 1images. The imaging system-dependent
distortions can be detected with great precision via the com-
parison of the first region in one of the two 1images with the
first region 1n the other 1mage, particularly when the patho-
logical varniation 1n the first region 1s smaller than the distor-
tions that typically occur in the imaging system with which
the 1mages were acquired.

In the inventive method this ensues by a determination of a
registration for the first region that causes the first region of
the first image and the first region of the second 1image to be in
registration with one another. This means that the transior-
mation 1s determined that brings the first region of the first
image and the first region of the second image largely into
congruence with one another.

After the first region 1n the one 1image and the first region in
the other in registration with one another by the determination
of the registration and 1maging system-dependent distortions
in the first region are thereby known, and as the registration
that exists for the first region 1s extended to an extended
registration so that the second region can be detected as well
by the extended registration.

Imaging system-dependent distortions (in particular defor-
mations) 1n the second regions are largely removed 1n this
manner, such that the remaining differences can be ascribed
to the pathological variation. Only if the 1maging system-
dependent distortions were to locally vary significantly in the
image might the method reach 1ts limits, since 1n this case the
imaging system-dependent distortions in the second region
cannot be determined from the distortions of the first region.
Severe, locally varying distortions are, however, typically not
expected given the imaging systems presently used.

The extended registration 1s now used in order to transform
both 1mages.

After the transformation of one of the two images has
occurred, the remaiming difference between the two 1images,
which predominantly appears 1n the second region, can be
shown and/or determined 1n various ways. Both images (thus
the transformed 1image and the other image) can be presented
to the user (diagnostician) in a particularly simple manner so
that the user can ituitively recognize the difference by a
visual comparison of the two 1mages. The user also can be
supported 1n the determination of the difference by imple-
menting the determination of the difference automatically or
semi-automatically and the determined difference 1s pre-
sented. For example, both images can be subtracted from one
another so that the difference between the two 1mages 1s
thereby determined. The determined difference can then be
presented, for example in the form of a subtraction image, or
the determined differences can be marked 1n the display of the
1mages.

The determined differences or the two 1mages (of which
one 1s transformed) are typically subsequently stored in a
storage medium.

The method 1s preferably applied when the first region of
the pathological variation 1s essentially not detectable 1n the
first region of each image. When the condition 1s not detect-
able (1.e. essentially not present) in the first region, the first
region remains essentially constant from 1mage-to-image so
that—in the event that differences in the representation of the
first region should occur 1n the two 1mages acquired at the
different points in time—these differences are to be ascribed
to the 1maging system with which the images have been
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produced. These 1imaging system-dependent differences can
now be determined particularly precisely by the registration
of the first region 1n the one 1mage with the first region 1n the
other 1mage.

The registration 1s preferably determined only for the first
region 1n the determination of the registration for the first
region. The registration can be determined more simply,
quickly and effectively 1n this manner, since only the first
region of the one 1mage 1s set 1n relation to the first region of
the other image.

The registration for the first region 1s advantageously a
non-linear registration. The use of a non-linear registration
can more precisely detect imaging system-dependent differ-
ences, such that the precision of the method 1s 1increased.

In a preferred embodiment of the method, the first region
that1s imaged 1n one of the images 1s enlarged 1n the extension
of the registration and the registration for the first region 1s
expanded to the enlarged first region. The extension of the
registration 1s carried out in two sub-steps. In the first step,
only the enlargement of the first region occurs, and the reg-
istration for image points in the enlarged first region 1s only
determined in the second sub-step. The division into two
sub-steps has the advantage that the individual sub-steps can
be implemented more simply since known algorithms exist
for this purpose.

The enlargement of the first region can be implemented, for
example, by an inflation of the first region, for example 1n a
simple manner with a morphological 1mage processing
operator for dilatation, for example with what 1s known as a
dilatation filter. It 1s also possible to effect the enlargement by
a scaling, 1n particular for a first region that 1s convex.

Various methods can likewise be used 1n the expansion of
the registration to the enlarged first region. For example, for
an 1mage point 1n the enlarged first region 1t 1s possible to
associate the image point lying nearest that image point from
the first region, and to thereupon transter the registration that
1s known for the nearest image point of the first region to the
image point 1 the enlarged region. In another variant the
registration of the first region can be extrapolated to the
enlarged {irst region.

The enlargement of the first region with subsequent expan-
sion of the registration 1s advantageously done 1teratively 1n
the extension of the registration. The sub-steps of the enlarge-
ment of the first region with subsequent expansion of the
registration can be fashioned more simply via the iterative
extension of the registration since the extension of the regis-
tration such that the second region 1s also encompassed as
well now does not need to be provided for in a single step. The
second region can also be acquired by successive and
repeated application of the extension 1n this manner.

In a preferred embodiment of the method the first region 1s
segmented before the determination of the registration for the
first region. The location of the registration that registers the
first regions in the two i1mages with one another, 1.e. the
determination of the transformation which brings the first
regions 1n the two 1mages into best possible spatial congru-
ence with one another, can be supported 1n this manner using
the previously-efiected segmentation.

The two 1mages are advantageously three-dimensional
images of the organ system produced with a magnetic reso-
nance apparatus or with a computed tomography apparatus.
The registration of the first regions and the extension of the
registration can be implemented more precisely and effec-
tively with the use of three-dimensional images since all three
dimensions can be taken 1nto account and deformations 1n all
spatial directions can be detected and compensated. Particu-
larly distortions that can occur 1n magnetic resonance images
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due to magnetic field inhomogeneities thus can be detected 1n
an effective manner and taken into account in the evaluation
of the images.

In a preferred embodiment of the method the organ system
1s the brain of a patient. The application of the method to
images of the brain 1s particularly advantageous since varia-
tions to be detected 1n the brain are often of small dimensions
that, however, are of high diagnostic significance when
present.

The first region 1s preferably white brain matter and the
second region 1s grey brain matter. The slight variations 1n
neurodegenerative processes (such as, for example, occur in
the grey brain matter in the case of Alzheimer’s disease) can
be detected 1n this manner.

The points 1n time at which the two corresponding 1images
are acquired can exhibit an mterval of one to twelve months,
preferably three to six months. This time span 1s advanta-
geous 1n the diagnosis of many pathologies of the brain, 1n
particular given neurodegenerative illnesses.

The inventive medical imaging system has a computer that
1s fashioned for implementation of the method described
above.

DESCRIPTION OF THE DRAWINGS

FIG. 1a and FIG. 1brespectively show a transversal section
through a brain that has been acquired at different points in
time.

FIG. 2a and FI1G. 26 show the respective regions of brain
white matter tracts belonging to the transverse slices with a
superimposition of both regions.

FIG. 3 1s a section from FIG. 24 1n which two dilatation
regions are plotted in addition to the region of the brain white
matter tracts.

FI1G. 4 illustrates a transformation of the second transverse
slice with the aid of a determined registration.

FIG. S illustrates a superimposed representation of the first
transformed transverse slice and the second transformed
transverse slice.

FIG. 6 1s a schematic diagram of the individual method
steps that are implemented 1n an embodiment of the method.

DESCRIPTION OF THE PR
EMBODIMENTS

L1

FERRED

The inventive method 1s 1llustrated and explained 1n 1images
of the human brain using FIG. 1 through FIG. 5. FIG. 6 shows

a schematic overview of the individual method steps.

FIG. 1a and FIG. 15 show a first transverse slice 1 and a
second transverse slice 3 of a brain at the same position. The
two transverse slices are each obtained from a 3D volume data
set that has been acquired with an MRT apparatus. In the 3D
volume data sets the cerebral cortex 5 (or grey brain matter)
and the brain white matter tracts (or white brain matter) are
imaged distinctly demarcated from one another.

The two 3D volume data sets have been produced at dii-
ferent points 1n time. A typical question for which such 3D
volume data sets are acquired can be, for example, whether
indications of Alzheimer’s disease are present. In this case the
3D volume data sets are advantageously acquired at a tempo-
ral interval of three to six months.

In comparison to the first transverse slice 1, the second
transverse slice 3 exhibits a non-umform geometric deforma-
tion. This deformation 1s indicated 1n FIG. 1q and FIG. 15 by
the shown rectangles 9. Such rectangles 9 here serve only for
illustration of the distortion that 1s otherwise difficult to detect
and see and are not visible in 1mages as they typically exist.
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The deformation of the second transverse slice 3 can be due
to different causes. In magnetic resonance apparatuses 1t 1s for
the most part to be ascribed to a slight variation of the mag-
netic fields (which are applied to produce the image) that
occurs during the operation. The deformations that occur can
be 1n the millimeter range. Other causes can also be respon-
sible for this, for example an incorrect or altered calibration of
the medical imaging system.

When a user would like to evaluate the two transverse
slices, the user 1s confronted with the problem that the user
can presume variations of the cerebral cortex 1n the temporal
region 11, since here the cortex appears narrower in the trans-
verse slice 3 than 1n the first transverse slice 1. Ultimately,
however, the user cannot be sure since the variations can at
least 1 part also be ascribed to the deformations.

However, since Alzheimer’s disease 1s an 1llness 1n which
the degenerative processes primarily lead to a volumetric
change in the cortex 5 while the white matter tracts 7 remain
largely morphologically unchanged, the deformation can be
determined via a comparison of the white matter tracts 7. This
step 1s now explained in FI1G. 2a and FIG. 25b.

The white matter tract region (designated in the following
as the first white matter tract region 13 and the second white
matter tract region 15) 1s first respectively extracted from the
first transverse slice 1 and the second transverse slice 3. Since
the white matter tracts 7 are clearly delimited from the cortex
5 1n the 3D volume data set, this can be done, for example,
using methods that identify the white matter tracts 7 based on
the specific signal intensity of the individual voxels. Other
typical automatic or semi-automatic segmentation algo-
rithms can also be applied. For example, a user can click in a
central region of the white matter tracts 7 and thus initiate a
segmentation algorithm that, starting from the selected start
point, {inds the contour of the contiguous white matter tracts
7.

The first white matter tract region 13 and the second white
matter tract region 15 exhlibit distortion-dependent differ-
ences. This 1s clearly shown 1n FIG. 26 1n the second white
matter tract region 15, since here the first white matter tract
region 13 1s shown superimposed and dotted so that the dis-
tortion 1s clearly visible.

A registration that transforms the first and second white
matter tract regions 13, 15 into one another 1s determined by
a comparison of the first white matter tract region 13 with the
second white matter tract region 15. This means that, using
the registration for every pixel of the first white matter tract
region 15, a transformation vector 1s known that associates a
corresponding point of the second white matter tract region
15 with this point, and vice versa.

The type of registration that is selected 1s predominantly
adapted to the medical imaging system and represents a com-
promise between precision of the registration and computa-
tion time for determination of the registration. For imaging,
systems 1n which, for example, cumulatively only an affine
deformation occurs, 1t can suifice to merely determine an
ailine registration that sets the two regions 1n a best possible
relation to one another. In other imaging systems (such as, for
example, in an MRT apparatus) in which image regions are
predominantly non-linearly deformed, this can be utilized to
determine the matching non-linear registration. The matching
registration also can be successively determined by, for
example, a rigid or afline registration 1s determined first, and
then a non-linear registration 1s determined based thereon.

By the registration of the two white matter tract regions 13,
15 1t 1s now known how 1mage points of the first white matter
tract region 13 coincide with the second white matter tract
region 15 or—expressed otherwise—ifor each image point of
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the one white matter tract region a transformation vector 1s
known that maps this image point to the corresponding image
point of the other white matter tract region.

After the registration was found that transforms the first
and second white matter tract regions 13, 15 into one another,
the registration 1s expanded to further regions. For this pur-
pose, the first (or the second) white matter tract region 13 1s
dilated (1.e. enlarged) 1n a first step. This enlargement can be
implemented, for example, 1n a sitmple manner using a mor-
phological image processing operator for dilatation. In a sec-
ond step, transformation vectors can be associated with the
pixels of the dilated region that were not yet detected by the
registration (since the registration was only effected for the
first and second white matter tract regions 13, 15), as
explained 1n the following using FIG. 3.

FIG. 3 shows a section from the first white matter tract
region 13 corresponding to the rectangle III mn FIG. 2a. In
addition to the first white matter tract region 13, a first dila-
tation region 17 i1s plotted. The first dilatation region 17
thereby arises from a dilatation of the first white matter tract
region 13.

The pixels of the first dilatation region 17 all lie near the
first white matter tract region 13. A transformation vector 1s
now associated with a pixel 21 that lies in the first dilatation
region 17 and that 1s not yet recorded by the registration. For
example, the transformation vector of the nearest pixel 23
from the first white matter tract region 13 can be associated
with this pixel 21. Alternatively, an averaging, (possibly
weighted), of transformation vectors of a number of pixels of
the white matter tracts 13 that lie near the pixel 21 can also be
associated. Alternatively, the transformation vector for the
pixel 21 that lies in the first dilatation region 17 can be
determined from an extrapolation of the transformation vec-
tors for pixels of the first brain white matter tract region 13. In
all cases the registration 1s extended or extrapolated from the
first white matter tract region 13 to the first dilation region 17.

After the registration has been extended to the first dilata-
tion region 17, this extension can be iteratively re-imple-
mented so that the extension now also encompasses a second
dilatation region 17 and successive further regions until
regions that image the cortex 5 are also encompassed.

The extended registration has the advantage that 1t does 1n
fact transform into one another the regions using which it was
determined (thus 1n this case the white matter tracts 7) such
that they substantially coincide. However, the remaining
regions (thus the cortex 5 1n this case) are altered by the
extended registration only insofar as that deformation-depen-
dent distortions are compensated. The variations that are to be
ascribed to an alternation of the anatomical ratios of the
remaining regions are not compensated by the registration,
such that this information 1s retained given an application of
the registration.

The registration shown here was determined by a compari-
son of the first and second white matter tract regions 13, 15 of
the first and second transverse slices 1, 3,1.e. by a comparison
of two two-dimensional 1images. However, the determination
of the registration 1s not limited to two-dimensional slice
images. The extraction of the white matter tracts 7 can also
ensue 1n the entire 3D volume data set, such that the three-
dimensional structure of the brain white matter tracts 7 1s also
known. The registration can ensue by a comparison of both

three-dimensional structures of the brain white matter tracts
7.

The use of three-dimensional structures for determination
of the registration has the advantage that deformations that
result 1n the direction of the sequence of the individual trans-
verse slices are also detected in this manner. A more precise
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registration results that transforms the one 3D volume data set
and the other 3D volume data set 1nto one another.

After the extension of the registration, one of the two
transverse slices (in this case the second transverse slice 3)
can be transformed with the registration as shown in FIG. 4.
When the transformed second transverse slice 25 1s now
compared with the first transverse slice 1, the first and the
second white matter tract regions 13, 15 that were starting
points for the registration are largely congruent. By contrast,
in the cortex 5 only deformation-dependent differences were
largely corrected by the registration while the differences that
result due to a pathological change remain for the most part.
For example, the second transtormed transverse slice 25 and
the first transverse slice 1 can be shown 1n parallel to the user
in a particularly simple manner. In that 1imaging system-
dependent distortions are now compensated, the user can
direct his attention to differences between the two 1images that
are now to be ascribed to pathological changes.

Pathological changes are clearly visible due to a superim-
posed presentation 29 of the transformed second transverse
slice 25 with the first transverse slice 1 as shown 1n FIG. 5.
The differences 27 between the two transverse slices can now
be visualized 1n a stmple manner, for example by a subtrac-
tion of the first transverse slice 1 and the transformed second
transverse slice 25 or by color identification of the differences
27. Evaluation methods that quantitatively determine the
dimensions of the change, for example via a volumetric mea-
surement, can likewise follow 1n connection with the deter-
mination of the differences.

However, the method steps explained here in FIG. 1
through FIG. 5 using MR 1mages of the brain are not limited
to the specific organ system, the specific imaging modality or
the specific medical question shown 1n FIG. 1 through FIG. S.
An average person skilled 1n the art can likewise apply the
method 1n other 1maging modalities and 1n other medical
questions 1 which an organ system has first and second
regions that present themselves as differentiable in an 1image
and 1n which a pathological change predominantly manifests
in one of the two regions while the other region remains
essentially unaffected by the pathological change and con-
stant.

In summary, FIG. 6 shows a scheme of the individual
method steps that are executed 1n the implementation of the
method.

A first image 31 and a second 1image 33 of an organ system
that corresponds to the first image 31, which images were
respectively acquired with a medical imaging system 33 at
different points 1n time, are the starting point of the method.
The organ system has a first region and a second region that
respectively appear differentiable 1n the two 1images 31, 33.

In both of these images 31, 33 the possible occurrence of a
pathological change that belongs to a medical clinical image
should be detected by the method. Of the pathological change
it 1s known that 1t only causes a change 1n the second region of
the organ system while the first region 1s not encompassed by
a pathological change 1n the climical 1image.

A registration for the first regions 1s determined 1n a first
method step 37, such that the first region of the first image 31
and the first region of the second 1mage 33 are registered with
one another by the registration.

The registration via which until now only the first regions
in both 1mages have been registered with one another is
extended 1n a second method step 39 so that the second region
of both 1mages 1s also encompassed by this extension of the
registration.

In a third method step 41, one of the two 1mages 1s trans-
formed using the extended registration in order to automati-
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cally or semi-automatically determine 1n a fourth method step
43 a difference of the two 1mages 1n the second region via
comparison of the second region of the transformed image
and the second region of the other image.

Alternatively, 1n a fifth method step 45 the transformed
image and the other 1mage are presented 1n parallel to a user
so that the user can determine the difference between the two
images via visual observation of both images.

In a sixth method step 47, the results of the method (thus the
determined difference and/or the transformed 1mage and the
other 1mage) are stored on a storage medium.

The method 1s advantageously implemented by a computer
49 that 1s connected with the medical 1maging system since
such a computer 49 often has 1mage evaluation and 1mage
presentation functions that can be advantageously used in the
method to be implemented.

Although modifications and changes may be suggested by
those skilled 1n the art, 1t 1s the intention of the inventor to
embody within the patent warranted hereon all changes and
modifications as reasonably and properly come within the
scope of his contribution to the art.

I claim as my invention:

1. A method for assisting evaluation of first and second
images, respectively acquired at different points in time, of an
organ system, said first and second 1mages containing corre-
sponding representations of said organ system with said
organ system, in each of said first and second 1images, exhib-
iting a first region and a differentiatable second region repre-
senting a pathological condition, with said pathological con-
dition being represented more strongly in said first region of
cach of said first and second 1images, said method comprising
the steps of:

automatically electronically determining a registration

procedure that brings only the respective first regions in
the first and second 1mages into registration with each
other;
extending said registration procedure determined for said
first region to encompass said second region in said first
image by enlarging said first region 1n one of said first
and second 1mages and expanding the registration of
said first region 1n said first image with said first region
in said 1image corresponding to the enlarged first region,
thereby obtaining an extended registration in said first
1mage;
transforming said second 1image by applying said extended
registration thereto to cause said second region 1n said
second 1mage to conform to the second region 1n said
first 1mage according to said registration procedure,
thereby obtaining a transformed second image; and

automatically presenting an evaluation result that estab-
lishes a change 1n said pathological condition between
said respective points in time, said result being selected
from a group consisting of visually presenting said
transformed second image simultaneously with the
image with the extended registration, and automatically
determining a difference i1mage between said trans-
formed second 1mage and said image with the extended
registration.

2. A method as claimed 1n claim 1 wherein said change in
said pathological condition 1s represented 1n said first and
second 1mages only 1n said second region.
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3. A method as claimed in claim 1 comprising determining,
said registration procedure as a non-linear registration of said
first region 1n each of said first and second 1mages.

4. A method as claimed 1n claim 1 comprising iteratively
enlarging said first region.

5. A method as claimed 1n claim 1 comprising segmenting
said first region before determiming said registration proce-
dure.

6. A method as claimed 1n claim 1 comprising employing
three-dimensional 1mages of said organ system, generated
with an 1imaging modality selected from the group consisting
ol a magnetic resonance apparatus and a computed tomogra-
phy apparatus, as said first and second images.

7. A method as claimed in claim 1 comprising employing,
first and second 1mages of the brain of a patient as said organ
system 1n said first and second images.

8. A method as claimed 1n claim 7 wherein said first region
represents white brain matter and wherein said second region
represents gray brain matter.

9. A method as claimed 1n claim 7 comprising acquiring
said first and second 1mages at an interval 1n a range between
three to six months from each other.

10. A medical image evaluation system for assisting evalu-
ation of first and second images, respectively acquired at
different points 1n time, of an organ system, said first and
second 1mages contaiming corresponding representations of
said organ system with said organ system, 1n each of said first
and second 1mages, exhibiting a first region and a different-
atable second region representing a pathological condition,
with said pathological condition being represented more
strongly 1n said first region of each of said first and second
images, said system comprising:

a computer configured to automatically determine a regis-
tration procedure that brings only the respective first
regions 1n the first and second images into registration
with each other, and to extend said registration proce-
dure determined for said first region to encompass said
second region 1n said first image by enlarging said first
region in one of said first and second 1mages and expand-
ing the registration of said first region 1n said first image
with said first region 1n said 1image corresponding to the
enlarged first region, thereby obtaining an extended reg-
istration 1n said first image, and to transform said second
image by applying said extended registration to said
second region 1n said second 1image cause said region 1n
said second 1mage to conform to said second region 1n
said {irst image, thereby obtaining a transformed second
image, and to automatically generate an evaluation
result that establishes a change 1n said pathological con-
dition between said respective points in time, said result
being selected from a group consisting of generating
first display data to simultaneously visually present said
transformed second 1mage and the first image with the
extended registration, and generating second display
data representing a difference image between said trans-
formed second image and said first image with the
extended registration; and

a display unit in communication with said computer that
displays said evaluation result.
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